A 62-year-old woman complained of diarrhea and vomiting after receiving chemotherapy for cervical cancer in association with high doses of corticosteroids. Two months later, the patient developed acute respiratory distress syndrome, and numerous Strongyloides stercoralis parasites were found in the intrabronchial discharge. Ivermectin was administered daily until nematodes were no longer detected in the sputum, and the patient's condition was successfully rescued. Antibodies for human T-cell lymphotropic virus-1 (HTLV-1) were positive. HTLV-1 infection and the administration of corticosteroids are known risk factors for strongyloides hyperinfection syndrome. Therefore, physicians should consider this disease in the differential diagnosis of patients from endemic areas who present with gastrointestinal symptoms under these risk factors.
Introduction
Strongyloides stercoralis (S. stercoralis) is an intestinal helminth that infects humans transdermally. The prevalence of strongyloidiasis is high in tropical and subtropical regions. Although Okinawa prefecture and the southwest area of Kagoshima prefecture in Japan were known to be endemic areas for this worm in the past, the rate of infection has dramatically decreased in association with improvements in hygiene. A unique characteristic of S. stercoralis is its ability to reinfect the human body, called autoinfection. This looped lifecycle enables the parasite to live in the human body for extended periods of time. The administration of corticosteroids and human T-cell lymphotropic virus-1 (HTLV-1) infection are major risk factors exacerbating S. stercoralis infection. We herein report a case of acute respiratory distress syndrome (ARDS) due to strongyloides hyperinfection syndrome in a HTLV-1 carrier receiving corticosteroid therapy.
Case Report
A 62-year-old woman with cervical cancer (stage IIIb) was admitted to our hospital for concurrent chemoradiation therapy. The chemotherapy regimen included the administration of cisplatin/paclitaxel (63.5 mg/body for both drugs) on day 1 followed by paclitaxel alone on days 8 and 15. High doses of steroids (16.5 mg of dexamethasone on days 1, 8 and 15 with 13.2 mg of dexamethasone on day 2) were administered along with the chemotherapy. The initial planned protocol for radiation treatment included external irradiation at a dose of 50 Gy in 25 fractions and intracavitary irradiation at a dose of 18 Gy in three fractions. The second day after the initiation of therapy, the patient developed diarrhea. Although the dose of chemotherapy was completed on day 1 of the second cycle, further therapy was discontinued due to the development of a fever, refractory diarrhea and nausea. Seven weeks after the start of chemotherapy, the patient presented with melena, and supportive care was provided under 
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a diagnosis of radiation colitis on colon fiberscopy. One week later, she began to vomit, and an abdominal X-ray revealed excessive gas and air-fluid levels in the left upper quadrant. A chest X-ray obtained on the same day showed small bilateral pleural effusion ( Fig. 1A, B ). The main laboratory findings at that point were as follows: white blood cell count = 5,900/μL (neutrophils: 82.9%, lymphocytes: 9.5%, eosinophils: 3.2%), hemoglobin = 9.2 g/dL, platelet count = 24.9×10 4 /μL, albumin = 1.5 mg/dL, blood urea nitrogen = 3 mg/dL, creatinine = 0.34 mg/dL, total bilirubin = 0.3 mg/dL, aspartate aminotransferase = 16 U/L, alanine aminotransferase = 11 U/L, lactic dehydrogenase = 215 U/L, C-reactive protein = 8.98 mg/dL, Na = 135 mEq/L, K = 2.3 mEq/L, Cl = 92 mEq/L. The patient was therefore diagnosed with ileus and observed with an indwelling nasogastric tube. Five days later, she began to complain of dyspnea and required oxygen administration using a nasal cannula. Her respiratory condition gradually worsened, and seven days after the diagnosis of ileus, she exhibited a decreased level of consciousness, low blood pressure and worsening of her respiratory status, requiring that she be transported to the intensive care unit (ICU). A chest X-ray showed bilateral diffuse infiltration and a chest CT scan revealed massive consolidation, interlobular septal thickening and traction bronchiectasis (Fig. 1C, D) . Echocardiography indicated negative findings for both cardiac failure and fluid overload. Diffuse intrabronchial bloody discharge was observed on bronchoscopy, and the right middle lobe was subsequently washed with 10 mL of normal saline (Fig. 2) . A pathological examination revealed numerous nematodes identified as S. stercoralis based on their morphological characteristics ( Fig. 3 ). We thus diagnosed her with strongyloides hyperinfection syndrome and initiated treatment with ivermectin as well as broad spectrum antibiotics. Streptococcus gordonii and Klebsiella pneumoniae were also detected in a blood culture. Thereafter, the ivermectin was administered daily until nematodes were no longer detected in the sputum. As a result, the patient's condition gradually improved, and she moved to the general ward on 19th day in the ICU (Fig. 4) . Potential HTLV-1 infection, which is known to be a major risk factor contributing to the development of strongyloides hyperinfection syndrome, was assessed following ICU admission; the results were positive.
Discussion
S. stercoralis is an intestinal helminth that infects humans via the skin when in contact with contaminated soil. Filariform larvae penetrate the skin and subsequently travel to the lungs hematogenously followed by the gastrointestinal tract and sputum, becoming female adult worms in the small intestine. The adult female worms then produce eggs, which hatch to form rhabditiform larvae that are ultimately excreted in the feces. The notable feature of this worm is that some rhabditiform larvae can transform into infectious filariform larvae while still in the body. Such larvae have the capacity to reinvade the vessels and consequently return to the lungs. This phenomenon is called autoinfection and enables the parasite to live within the human body for a long period of time (1) . The prevalence of strongyloidiasis is high in tropical and subtropical regions. Although Okinawa prefecture and the southwest area of Kagoshima prefecture in Japan were previously known to be regions endemic for this worm, the rate of infection has decreased drastically due to improvements in hygiene (2) . According to a recent epidemiological study in Okinawa (3), the prevalence of S. stercoralis infection is extremely low (approximately 0-1%) in generations born after 1950, which includes the present patient.
The current patient presented with diarrhea and vomiting, the typical symptoms of S. stercoralis infection; however, eosinophilia was absent prior to ICU admission. A recent report described the detection of eosinophilia in 90% of patients with S. stercoralis infection, although eosinophilia is often absent in patients with an immunosuppressive status (4, 5) . The lack of eosinophilia is considered to be one encumbrance delaying a correct diagnosis in this case.
Major risk factors contributing to the development of strongyloides hyperinfection syndrome include the administration of corticosteroids and HTLV-1 infection (1, 2, 6). In Although the mechanisms underlying the susceptibility of HTLV-1 carriers to S. stercoralis infection are not fully understood, a suppressed immune response, such as that involving low levels of eosinophils, IgE and IL-5 and a higher count of regulatory T cells in the blood among HTLV-1positive patients, has been reported (7, 8) .
The first case of ARDS caused by S. stercoralis infection was reported in 1987 (9) , and there have since been several reports showing that strongyloides may induce respiratory failure. Most reports have described the condition to be lethal with a very high rate of mortality (10) (11) (12) (13) . The present case is considered to be valuable in that the patient was successfully rescued with the daily administration with ivermectin. Although the treatment protocol for strongyloides hyperinfection syndrome is not yet established, the use of daily dosing with ivermectin until two weeks after the confirmed disappearance of the worm in the stool is recommended (1, 14) . In the current case, the duration of ivermectin therapy was determined based on the disappearance of the worm in the patient's sputum, as S. stercoralis was not detected in the stool.
In conclusion, we herein reported a case of ARDS caused by strongyloides hyperinfection syndrome. Although the prevalence of S. stercoralis infection has recently decreased, physicians must consider this parasitic infection in the differential diagnosis when treating patients complaining of gastrointestinal symptoms of unknown etiology, especially in cases involving HTLV-1 carriers and corticosteroid users.
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